Botulinum neurotoxins (BoNTs) are well recognized to cause potent, selective, and long-lasting neuroparalytic actions by blocking cholinergic neurotransmission to muscles and glands. There is evidence that BoNT isoforms can also inhibit neurotransmission in the brain. In this study, we examined whether locally delivered BoNT/A and BoNT/B can attenuate kindling measures in amygdala-kindled rats. Male rats were implanted with a combination infusion cannula-stimulating electrode assembly into the right basolateral amygdala. Fully kindled animals received a single infusion of vehicle or BoNT/A or BoNT/B at doses of 1, 3.2, or 10 ng over a 20-minute period by convectionenhanced delivery. Electrographic (EEG) and behavioral kindling measures were determined at selected times during the 3-to 64-day period after the infusion. BoNT/B produced a dose-dependent elevation in after-discharge threshold and duration and a reduction in the seizure stage and duration of behavioral seizures that lasted for up to 50 days after infusion. BoNT/A had similar effects on EEG measures; behavioral seizure measures were also reduced, but the effect did not reach statistical significance. The effects of both toxins on EEG and behavioral measures progressively resolved during the latter half of the observation period. Animals gained weight normally, maintained normal body temperature, and did not show altered behavior. This study demonstrates for the first time that locally delivered BoNTs can produce prolonged inhibition of brain excitability, indicating that they could be useful for the treatment of brain disorders, including epilepsy, that would benefit from long-lasting suppression of neurotransmission within a circumscribed brain region.
Introduction
Focal drug delivery is an experimental epilepsy treatment approach that avoids the systemic toxicities of oral antiepileptic medications, as well as untoward effects caused by drug actions on brain regions that are not involved in seizure generation and propagation (Nilsen and Cock, 2004) . Focally administered small-molecule antiepileptic drugs (such as diazepam and carbamazepine) and inhibitory substances (such as adenosine, GABA, and muscimol) have been demonstrated to prevent seizure generation and inhibit ongoing seizures in animal models (Eder et al., 1997; Stein et al., 2000; Anschel et al., 2004; Fisher and Chen, 2006; Ludvig et al., 2010) . However, these agents have a short duration of action because they diffuse from the site of delivery or are biologically inactivated. For such agents, clinical application would require continuous delivery and a mechanism to ensure an adequate supply of the therapeutic agent. To overcome these limitations, we have sought to identify agents that provide prolonged seizure protection after local delivery. We previously demonstrated that local infusion of peptide N-type calcium channel toxins can confer protection against amygdala-kindled seizures in rats that persists for up to 1 week (Gasior et al., 2007) .
Local delivery of botulinum neurotoxins could provide an alternative approach for long-term inhibition of seizure generation (Costantin et al., 2005; Antonucci et al., 2009) . Botulinum neurotoxins, a group of homologous dichain proteins from Clostridium botulinum, are well recognized to target peripheral cholinergic nerve terminals, causing a sustained block of acetylcholine release that leads to neuromuscular or autonomic paralysis. However, there is evidence that the toxins can also affect chemical neurotransmission in the brain (Bozzi et al., 2006; Caleo et al., 2009 ). The seven botulinum neurotoxin (BoNT) serotypes are indicated with letters from A to G, each of which is composed of a disulfidelinked, ∼100-kDa heavy chain and ∼50-kDa light chain. The heavy chain mediates toxin binding, and the light chain acts as an endopeptidase that specifically cleaves proteins of the (Simpson, 2004) . Intraventricular injection of BoNT/A and BoNT/B in mice causes behavioral alterations and, at high doses, lethality (Luvisetto et al., 2003 (Luvisetto et al., , 2004 . Although these actions were initially attributed to effects on central cholinergic synapses, it is now recognized that BoNTs can inhibit the release of neurotransmitters other than acetylcholine, including the major excitatory neurotransmitter glutamate (Bigalke et al., 1981; Ashton and Dolly, 1988; Habermann et al., 1988; Foran et al., 2003; Costantin et al., 2005) . Recently, it was found that BoNT/A and BoNT/E inhibit the release of glutamate more effectively than they inhibit the release of GABA (Verderio et al., 2004 (Verderio et al., , 2007 . Inasmuch as seizures result from pathologically excessive glutamate-mediated excitation relative to GABA-mediated inhibition, these properties might confer antiseizure activity. Indeed, it has been found that intrahippocampal injection of BoNT/E in mice inhibits electrographic seizure activity induced by intrahippocampal kainic acid and behavioral seizures induced by systemic kainic acid (Costantin et al., 2005) and reduces the frequency of spontaneous recurrent seizures produced by intrahippocampal kainate in a model of mesial temporal lobe epilepsy ).
To be practically useful in the treatment of epilepsy, it is desirable for a locally administered treatment to have a long duration of action. Recovery of function from neuromuscular paralysis by botulinum neurotoxins varies according to the serotype and the target tissue, but for BoNT/A, the duration of action is typically 1 to 3 months (Rossetto et al., 2001 ). BoNT/B had a shorter duration in some (Sloop et al., 1997; Blitzer, 2005) but not all (Pappert et al., 2008; Guidubaldi et al., 2011) studies, whereas recovery from paralysis by BoNT/E was more rapid (Eleopra et al., 1998) . The duration of the functional central nervous system (CNS) actions of these toxins is not known, although in one study cleaved SNAP-25 was evident for a prolonged period after intrahippocampal injection of BoNT/A (Antonucci et al., 2008) . In the present study, we sought to assess the potential of locally delivered botulinum neurotoxins to confer seizure protection in the amygdala kindling model, an experimental paradigm that allows assessment of the duration of toxin action for weeks to months. We administered the toxins using convection-enhanced delivery (CED), which provides a larger and more homogeneous distribution than conventional bolus injection and does not damage the surrounding tissue (Gasior et al., 2007; Rogawski, 2009 ).
Materials and Methods
Animals. Experimentally naive male Sprague-Dawley rats, weighing 225 to 250 g at the beginning of the study, were obtained from Taconic Farms (Germantown, NY). Rats were housed individually under a controlled environment (temperature, 24 6 2°C; humidity, 45 6 5%; 12-hour light-dark cycle with lights on between 6:00 AM and 6:00 PM). Each rat had free access to tap water and a nutritionally balanced rodent diet supplemented regularly with fresh fruit and sweetened gelatin dessert. Experiments were conducted between 9:00 AM and 4:00 PM.
All experiments were conducted under a protocol approved by the Institutional Animal Care and Use Committee of the National Institute of Neurological Disorders and Stroke, National Institutes of Health (Bethesda, MD), in strict compliance with the Guide for the Care and Use of Laboratory Animals (National Research Council in 1996, National Academy Press, Washington, DC; http://www.nap.edu/readingroom/books/labrats/). The animal facilities were fully accredited by the American Association for the Accreditation of Laboratory Animal Care.
Neurotoxins. Botulinum neurotoxins types A and B) were obtained from List Biologic Laboratories, Inc. (Campbell, CA). Each neurotoxin (M r 150,000) was dissolved in 0.1% (w/v) solution of bovine serum in 0.1 M phosphate-buffered saline (Sigma-Aldrich, St. Louis, MO). The neurotoxins were administered at the following three doses: 1.0 (%6.7 fmol), 3.2 (%21.4 fmol), and 10 ng (%67 fmol). Each neurotoxin was injected only once. Separate groups of rats were used to test each dose of the two neurotoxins. Control rats were injected with vehicle.
Surgery and Cannula-Electrode Assembly. Each rat was chronically implanted with a custom-made guide cannula-bipolar stimulating electrode assembly (Plastics One, Roanoke, VA) during an aseptic surgical procedure with the rats under general anesthesia induced by a mixture of ketamine (60-75 mg/kg) and medetomidine (0.25-0.5 mg/kg). The cannula-electrode assembly consisted of a 26-gauge, 6.5-mm-long stainless steel guide cannula with two 0.23-mmdiameter stainless steel electrode wires attached diametrically at the periphery (Gasior et al., 2007) . The electrode wires were polyamideinsulated, with the exception of the 0.5-mm most distal extent; the tips of the wires were separated by 0.5 mm and projected 3.5 mm past the end of the guide cannula.
The cannula-electrode was fixed to a threaded central plastic pedestal. The electrode wires passed to a second threaded pedestal with pin connectors to allow a connection with the kindling stimulator. The bipolar electrodes were used for recording and stimulating. Between infusions, the guide cannula was plugged with a dummy cannula assembly consisting of a solid wire of the same length (i.e., 6.5 mm) as the guide cannula and a threaded plastic cap. The electrode tip was implanted into the basolateral nucleus of the right amygdala at stereotaxic coordinates, measured from the bregma: anteroposteriorly, 22.8; mediolaterally, 5.0; and dorsoventrally, 28.7 (Paxinos and Watson, 1998) . Dental acrylic cement (Lang Dental, Wheeling, IL) and stabilizing stainless steel screws (Plastics One) were used to secure the cannula-electrode assembly to the skull. Ketoprofen was given subcutaneously after surgery followed by atipamezole (1 mg/kg) to reverse anesthesia. At least 10 days were allowed for recovery after the surgery. The position of the cannula-electrode assembly tip was histologically verified in randomly selected rats at the end of the study.
Kindling. Rats were stimulated individually within a 29-cmdiameter Plexiglas cylinder. Each rat was connected to a custommade stimulator (National Institutes of Health Research Services Branch, Bethesda, MD) via a swivel attachment to allow free movement within the chamber. The stimulator was set to deliver 1-millisecond, bipolar, square current pulses at 60 Hz for 1 second at variable current intensities. Depth electroencephalogram (EEG) signals were recorded via the stimulating electrode (except during the stimulation interval) with a Grass CP511 AC EEG preamplifier (Astro-Med, West Warwick, RI) and stored in digital form using Axotape 9 (Axon Instruments, Foster City, CA).
Kindled seizure activity was assessed using four dependent measures as follows: after-discharge threshold, after-discharge duration, severity of behavioral seizures, and duration of behavioral seizure. Afterdischarge threshold refers to the lowest stimulating current intensity (in milliamperes) that induces an after-discharge consisting of a train of EEG spikes at 1 Hz or greater lasting for at least 5 seconds, with an amplitude at least twice the baseline amplitude. After-discharge duration is the total duration of the after-discharge (in seconds). Severity of behavioral seizures was scored according to Racine (1972) , with the following designations: stage 0, no apparent change in behavior; stage 1, facial twitching; stage 2, head nodding associated with more severe facial twitching; stage 3, forelimb clonus; stage 4, rearing; and stage 5, rearing and loss of balance. Duration of behavioral seizure (in seconds) reflects the duration of limbic seizures (stage 1-2) or motor seizures (stage 3-5). Behavioral changes such as immobility with occasional facial twitches that often occurred after the end of motor seizures were not considered in the duration determination.
After the rats recovered from the surgery, kindling began and consisted of three phases: 1) prekindling determination of the afterdischarge threshold, 2) kindling development, and 3) postkindling redetermination of the after-discharge threshold (Pinel et al., 1976; Freeman and Jarvis, 1981) . On day 1, after-discharge threshold was determined by delivering a series of stimulations of increasing intensities (starting at 50 mA and increasing in 25% increments every 3-5 minutes) until after-discharge was triggered. Rats were excluded from the study if a current of 466 mA intensity failed to produce afterdischarge on the first day of kindling. During the second phase of kindling, each rat was stimulated daily at a current intensity of 125% of its individual after-discharge threshold value determined on day 1. Daily stimulations continued until the rat exhibited stage 5 seizures during 5 consecutive days or during 8 days of the last 10 stimulation days. Rats meeting this criterion were considered "kindled." Rats that failed to meet the kindling criterion within 30 stimulations were excluded from the study. During the third phase of kindling, afterdischarge threshold was redetermined in the same way as during the first phase of kindling. Threshold was redetermined on several consecutive days until after-discharge threshold and the behavioral seizure score produced by stimulation at the after-discharge threshold were stable and reproducible. Rats that did not show stable responses to the electrical stimulation at their respective after-discharge thresholds for several consecutive days were excluded from further testing.
CED of BoNT/A and BoNT/B. The CED system consisted of a programmable infusion pump (model KDS200; KD Scientific Inc., Holliston, MA), a gas-tight 50-ml Hamilton syringe with a 22-gauge needle (Hamilton Company, Reno, NV), a counter-weighted swivel to allow free movement of the rat (Instech Laboratories Inc., Plymouth Meeting, PA), and a 33-gauge infusion cannula (Plastics One). All components were connected with thick-wall polyethylene 50 tubing (Plastics One). While gently restraining the rat, the infusion cannula was slowly inserted into the brain through the guide cannula. The tip of the infusion cannula extended to a depth of 0.5 mm above the tips of the stimulating electrode wires and was maintained at the appropriate depth by a plastic stop at the top of the cannula. After inserting the infusion cannula, the rat was released and placed in a plastic cylinder for the entire infusion. All infusions were performed in conscious and unrestrained animals. After infusion cannula insertion, the brain tissue was allowed to seal around the cannula for a few minutes before initiation of the infusion. Infusions were delivered at a constant rate of 0.25 ml/min, with a total volume of 5 ml, which was previously determined to be optimal for CED of large molecules into the rat brain (Bobo et al., 1994; Chen, et al., 1999) . At the end of the infusion, the cannula was left in place for a few minutes to minimize infusate backflow and ensure better distribution of the infusate. The general behavioral state of each rat was assessed after the infusion.
The effects of the neurotoxins on seizure sensitivity in fully kindled rats were assessed, as described earlier, by measuring after-discharge threshold and the other three parameters of the amygdala-kindled seizures 3, 7, 10, 15, 21, 35, 50 , and 64 days after the infusion. Weights and rectal body temperatures were recorded before each electrical stimulation to assess the general health of the animals.
Histologic Analysis. After completion of testing, selected animals were perfused transcardially with 4% paraformaldehyde, and the brains were removed for sectioning and for cresyl violet and silver staining to assess cannula placement and evidence of neuronal damage.
Statistical Analysis. Once the stability of the kindling parameters was established in each individual rat, two to four measures collected on separate days preceding the infusion were averaged for that rat and constituted its baseline values, against which the effects of treatment (neurotoxin or vehicle) were later statistically compared. Group means are plotted in Figs. 2 and 3 . For statistical analysis, the percent change from baseline was calculated using the equation 100 Â (B 2 A)/A, where A and B are values before and after treatment, respectively. Area-under-the-curve (AUC) values were calculated from the percent change values at time points 3 to 64 days following CED using the trapezoidal method. Statistical analyses were performed by one-way (within a group) and two-way (between groups) repeated measures analysis of variance (ANOVA) after transformation of the percentage change in data using arcsine-root transformation. When appropriate, post hoc analysis was performed using Dunnett's test or Tukey's test. Kindling measures are group means 6 S.E.M. Group differences were considered statistically significant at P , 0.05. All calculations were made using SigmaStat (SPSS, Chicago, IL) and GraphPad Prism (GraphPad Software, La Jolla, CA).
Results

Development of Kindling and Response to Stimulation at After-Discharge Threshold in Fully Kindled
Rats. A total of 50 rats successfully completed the kindling procedure and were used in the experiments reported here. In these animals, the kindling criterion was reached in 16.5 6 1.0 Fig. 1 . A representative EEG recoding in a fully kindled rat showing baseline EEG activity and response to stimulation. The signal is blanked during stimulation. The after-discharge continues for 39.3 seconds and is followed by the return to EEG activity comparable to the prestimulation period. Fig. 2 . Mean after-discharge (AD) threshold and duration values (in microamperes and seconds, respectively) 2-4 days before the CED infusion (Pre) and 3-64 days after the CED infusion of BoNT/A (left) and BoNT/B (right). Data from the same control group (treated with vehicle) are shown for comparison with BoNT/A and BoNT/B. Each toxin was administered once in a dose of 1, 3.2, or 10 ng. The active treatment groups consisted of seven rats per dose; vehicle was administered in eight control rats. Each data point represents the mean of values from the seven or eight rats in each group. *Significantly different from vehicle value at that time point (Tukey test) after the detection of a statistically significant main effect by a two-way repeated measures ANOVA. Results of the ANOVA and post hoc analyses are presented in Table 1. (mean 6 S.E.M.) daily stimulations. All animals exhibited stable thresholds to elicit stage 5 seizures during the redetermination period. The mean after-discharge threshold and duration during the redetermination period were 96.8 6 6.4 mA and 93.7 6 2.7 seconds, respectively. A sample after-discharge recording is shown in Fig. 1 . The mean behavioral stage and behavioral seizure duration at threshold were 4.7 6 0.1 and 97.0 6 2.4 seconds, respectively.
The fully kindled rats were randomly assigned to seven treatment groups (seven or eight rats per group) to receive vehicle or one of three doses of each of the two neurotoxins (BoNT/A and BoNT/B) at doses of 1, 3.2, or 10 ng. After randomization, baseline EEG and behavioral seizure parameters were not statistically different between the treatment groups (e.g., F 6,43 5 0.323, P 5 0.916 for after-discharge thresholds).
Effects of BoNT/A and BoNT/B on Kindling Measures. Animals receiving CED infusions of vehicle or a 1-ng dose of either BoNT/A or BoNT/B exhibited stable kindling measures (after-discharge threshold, after-discharge duration, seizure stage, and behavioral seizure duration) when tested between 3 and 64 days after the infusion (Figs. 2 and 3) . In contrast, a single 20-minute CED infusion of BoNT/A or BoNT/B at doses of 3.2 or 10 ng was associated with statistically significant changes in kindling parameters (Table 1) .
Specifically, CED of BoNT/A and BoNT/B at a dose of 10 ng resulted in a statistically significant elevation in after-discharge threshold with an accompanying decrease in after-discharge duration at time points from 3 to 35 days after infusion. The magnitude of the effect produced by BoNT/A and BoNT/B was comparable. Administration of the intermediate dose (3.2 ng) of BoNT/B and BoNT/A also resulted in statistically significant elevations in after-discharge threshold; however, only BoNT/B at that dose had a statistically significant effect on the afterdischarge duration. In contrast to BoNT/A, CED of BoNT/B attenuated the stage of behavioral seizures, as well as their duration. In addition, this effect was dose-and time-dependent and temporally correlated with the changes produced by BoNT/B on after-discharge threshold and after-discharge duration. Table 1 summarizes the results of the statistical analyses for each dose of the two toxins tested. It should be noted that all changes produced by the toxins dissipated by 50 days after the CED infusion. Specifically, when kindling measures were determined 64 days after CED infusion, they did not differ significantly (P . 0.05) from the kindling parameters before the infusion. Figure 4 presents an AUC analysis derived from the time course data in Figs. 2 and 3 that shows more clearly the doseresponse relationships. Statistical analysis of the AUC values using one-way ANOVA confirmed the statistical analysis of the time course data presented in Table 1 .
Behavior and Health Assessment. No apparent differences were noted in the behavior of animals that received BoNT treatment in comparison with controls. General animal health during the course of the study was further assessed by measuring body weight and rectal temperature before each stimulation. As shown in Fig. 5 , over the course of the study, animals treated with the neurotoxins gained weight normally and exhibited an age-dependent fall in body temperature that did not deviate statistically from controls. Regardless of the treatment received, all rats gained weight at a comparable rate (BoNT/A, F 3,175 5 0.820, P 5 0.495; BoNT/B, F 3,175 5 1.352, P 5 0.280). Likewise, age-related decreases in body temperature were comparable across treatment groups (BoNT/A, F 3,175 5 1.171, P 5 0.341; BoNT/B, F 3,175 5 0.691, P 5 0.566).
Histopathology. Localization of the infusion cannulastimulating electrode assembly was verified in the amygdala in all animals selected for histological analysis. In confirmation of a previous study (Gasior et al., 2007) , minimal damage to the amygdala and surrounding brain structures along the path of the assembly occurred. No inflammation or neuronal damage was detected in the surrounding tissue. 
Discussion
This study demonstrates for the first time that local infusion of BoNTs can have persistent actions in the CNS, lasting more than 1 month. With the highest dose of BoNT/B tested, the effect on behavioral seizures persisted for 50 days. At all doses, recovery began at approximately 1 month and progressed during subsequent weeks. BoNT/B treatment was associated with an increase in the threshold and duration of afterdischarges, representing electrographic seizure activity and also with an inhibition of behavioral seizures. In a separate group of animals, BoNT/A caused similar statistically significant effects on electrographic seizures. There was also a reduction in behavioral seizure measures with this toxin, but the effect did not reach statistical significance. The dissociation between the electrographic and behavioral effects in the BoNT/A group could be due to a slightly reduced potency of the toxin preparation used in the study and does not necessarily imply that BoNT/B is intrinsically more active; however, there is evidence that BoNT/B spreads more effectively within tissues than BoNT/A (Flynn and Clark, 2003) . Expression of the after-discharge is related to local synchronous neuronal activity, whereas the behavioral seizure requires the spread of electrical activity from the discharge zone to distant sites. If BoNT/B is able to reach a larger brain volume, this could explain its ability to inhibit not only the local electrographic discharge but also the resultant behavioral seizures that occur on spread of the discharge.
The mechanisms accounting for the remarkably persistent neuroparalytic actions of BoNTs, which are at the basis of their diverse therapeutic utilities, have been of considerable interest. Recent studies indicate that a key factor in the case of the BoNT/A is resistance to proteasomal degradation of the lightchain protease responsible for SNAP-25 cleavage (Tsai et al., 2010; Wang et al., 2011) . A comparable understanding of the persistence of BoNT/B is not yet available. Some investigators have concluded that the neuromuscular paralysis resulting from BoNT/B injection is not as complete or long-lasting as that resulting from BoNT/A (Sloop et al., 1997) . Moreover, in a study with cerebellar granule cells in culture, Foran et al. (2003) found that BoNT/A produces a more potent and prolonged blockade of evoked glutamate release than does BoNT/B. In the CNS in vivo, it appears that BoNT/B produces at least as robust and long-lasting inhibition of excitability as BoNT/A.
Only limited information is available on the actions of BoNTs in the CNS. There is emerging evidence that BoNT/A injected into skeletal muscle may to some extent be transported in a retrograde fashion into the CNS and directly affect the functional activity of brain or spinal cord circuits (Wiegand et al., 1976; Caleo et al., 2009) . Moreover, exposure of noncholinergic neurons in dissociated cultures (Keller et al., 1999; Foran et al., 2003) or organotypic slice cultures (Capogna et al., 1997) to BoNT/A or BoNT/B leads to inhibition of glutamate release. For botulinum neurotoxins A and E that act on SNAP-25, there is evidence that glutamate release is blocked more effectively than GABA release, although prolonged exposure to high toxin concentrations does inhibit GABA release (Verderio et al., 2004 (Verderio et al., , 2007 . The observation that BoNTs inhibit the release of glutamate suggests that the neurotoxins could have antiseizure actions, and there are now at least two reports that provide experimental support for the concept. Thus, Costantin et al. (2005) demonstrated that intrahippocampal bolus injection of BoNT/E in rats delays the onset and reduces the frequency of the electrographic seizure discharges induced by injection of kainic acid at a nearby site 2 days later. These investigators also reported inhibition of behavioral seizure activity with systemic injection of kainic acid 1 day after intrahippocampal BoNT/E injection (Costantin et al., 2005) . It has also been reported that intrahippocampal BoNT/E inhibits kindled seizures evoked 2 to 5 days later (Costantin et al., 2005; Antonucci et al., 2009 ). To our knowledge, the duration of action of BoNTs in the CNS has not been previously characterized. Our results indicate that BoNT/A and BoNT/B can produce prolonged inhibition of seizure activity that is comparable in duration to their neuroparalytic actions in peripheral tissues. The ability of BoNTs to cause long-lasting inhibition CNS excitability suggests that they may be useful in the treatment of brain disorders where suppression of activity in a circumscribed brain region is desired. Such a "chemical neurosurgical" approach may be preferred to traditional neurosurgery in that the chemical approach is fully reversible, and catheter delivery may allow targeting of structures that are inaccessible with conventional neurosurgical approaches.
The clinical application of local BoNT infusion in the treatment of brain disorders, including epilepsy, requires that BoNT can be safely administered. CED has an advantage over other brain delivery methods in that the distribution of the therapeutic agent within a brain volume can be restricted (Rogawski, 2009) . At the same time, CED permits uniform delivery within the target zone; however, leakage can occur. Intracerebroventricular delivery of BoNT/A and BoNT/B in mice at doses comparably less by brain weight than those administered in the present study are associated with failure to thrive and lethality (Luvisetto et al., 2003) . Minor behavioral impairment is first evident 2 hours after injection, followed by progressive systemic and neurologic impairment and death within 1-3 days. In rats, we found that intracerebroventricular BoNT/B at doses comparable to the highest doses tested in the present study is associated with weight loss on the third day after injection (D. Zolkowska, D. Ancona, and M. A. Rogawski, unpublished data). Therefore, leakage of BoNT into the cerebrospinal fluid could be catastrophic in a clinical application. In the present study, when BoNT/A and BoNT/B were infused locally into the amygdala by CED, no effects on behavior were observed and the animals gained weight normally. We previously provided evidence that another class of nondiffusable toxins delivered by CED can remain restricted to the infusion zone; however, at supratherapeutic doses, neurobehavioral effects suggesting leakage into the cerebrospinal fluid did occur (Gasior et al., 2007) . In the present study, we confirmed that potentially toxic peptides can be safely delivered into the brain by CED; however, approaches to mitigate the risks of toxin leakage must be developed before clinical application can be contemplated.
